Objective: To review the prevalence of iron de®ciency in developed countries, the in¯uence of lifestyle factors that may contribute to its occurrence, and dangers of population directed prevention. Design: Relevant literature was selected to identify populations at risk for iron de®ciency and iron overload. Results: Although iron de®ciency anaemia is not a major health problem in developed countries, speci®c groups of the population remain endangered. These groups are young children, adolescents, pregnant women, the elderly, blood donors, vegetarians, endurance athletes and migrants. On the other hand, about 10% of Caucasians carry the mutation for hereditary haemochromatosis and are at risk for iron overload. Conclusion: Measures to prevent iron de®ciency should be speci®cally aimed at population groups at risk. Actions to increase iron intake and bioavailability in the general population can be harmful for subjects with homozygous and heterozygous forms of iron overload diseases.
Introduction
Worldwide iron de®ciency anaemia remains an enormous problem as more than 500 million people suffer from this condition (De Maeyer & Adiels-Tegman, 1985) , the most important causes being severe malnutrition and infection with hookworm. Both causes hardly exist in developed countries. Apart from speci®c subgroups iron de®ciency in an individual must be considered to be a symptom of blood loss, the cause of which must be identi®ed and treated. It is well recognized that iron de®ciency is not a desirable condition, as it is associated with many biochemical changes and clinical symptoms, with decreased work performance, increased susceptibility to infections, and impaired neurological function (Cook & Lynch, 1986) . Iron de®ciency, however, is not a condition with a lethal outcome, in contrast to progressive hereditary and secondary haemochromatosis, and some diseases associated with iron catalyzed oxygen radical damage (Gutteridge, 1993) . According to Crosby (1977) one aspect of the questioǹ who needs iron?' is this:`who needs excess iron?'. In this review physiological and lifestyle factors in¯uencing iron de®ciency in developed countries will be discussed. Also the hazards of population directed prevention of iron de®ciency are emphasized.
Prevalence of iron de®ciency in developed countries
The prevalence of iron de®ciency anaemia in Europe and North America is very low if compared to less developed parts of the world. In a meta-analysis of 523 studies (De Maeyer & Adiels-Tegman, 1985) it was shown that in Europe only 1% of adult males and 14% of adult females had anaemia, compared to 27% and 48% in males and females in Africa, and 40% and 57% respectively in South Asia. Roughly estimated, iron de®ciency is responsible for half of these cases. To appreciate the difference in health impact of iron de®ciency anaemia between less and more developed countries one must take into account that almost everybody in well-developed countries has access to adequate diagnosis and therapy, and treatment of iron de®ciency anaemia is easy and inexpensive. An interesting survey of the prevalence of anaemia in general practice comes from Norway, where 13 general practitioners investigated all their patients with anaemia during a six week period (Kahn et al, 1990) . The results of this investigation are summarized in Table 1 . It appeared that iron de®ciency accounted for at least 69% of anaemia cases in general practice. The most important medical problem was bleeding (21% of anaemias), as iron de®ciency anaemia may be the ®rst sign of serious pathology of the gastrointestinal tract.
What is an adequate iron intake?
One can assume that iron intake is adequate if iron de®ciency anaemia is prevented. As the absorption of iron varies enormously among individuals (Marx, 1979a) , only inaccurate estimations of daily requirements are possible. Usually recommendations advise an intake that prevents iron de®ciency in the majority of a speci®c group of individuals. Fortunately extremes of iron intake are corrected by regulation of iron absorption (Marx, 1979b) . Recommendations for daily iron consumption in The Netherlands are summarized in Figure 1 .
Who are at risk to develop iron de®ciency?
In af¯uent countries iron de®ciency anaemia is mainly seen in speci®c subgroups which will be discussed.
Physiologically increased need for iron
An adult human body contains between 3 and 4 g of iron in haemoglobin, myoglobin an numerous other essential proteins. Excess iron is stored as ferritin and haemosiderin which can be easily mobilized. Although iron absorption increases if more iron is needed for erythropoiesis than can be liberated from effete red blood cells, there are some periods of life in which the availability of iron falls short.
Infancy and childhood. It is well recognized by health institutions in most developed countries that infancy and childhood are such periods. At birth, an infant has about 214mg iron (of which 163mg in haemoglobin) which has increased to approximately 450 mg (280 mg in haemoglobin) at one year of age (Oski, 1993) . The incidence of iron de®ciency anaemia in these children has decreased to 1% by iron-forti®cation of formula milk. However, children in a lower socioeconomic environment, those fed on cows milk, and also infants on prolonged breast feeding have a much higher incidence of iron de®ciency (Saarinen, 1978) . Premature infants need extra iron supplements because the amount of body iron at birth is too low. Iron de®ciency at early age has a long-lasting negative effect on growth rate, mental and psychomotor development, and prevention of these conditions with iron-forti®ed food is very ef®cient (Filer, 1990; Lozoff et al, 1991) . In an Australian case-control study of 1±3 y old children it was found that a lower haem iron intake was a major risk factor for iron depletion (Mira et al, 1996) .
Adolescence. An age group that deserves further investigation is adolescence. Increase of erythrocyte volume and muscle mass, especially in boys, requires considerable amounts of iron. In addition, girls ®rst encounter menstrual blood loss. Changes in lifestyle of adolescents may include the choice of an iron de®cient diet. In a study from Ireland 35% of adolescents in the age range from 14.5±18.4 y were reported to be iron de®cient, with a serum ferritin of 10mg/l (Armstrong, 1989) . The favourable response of haemoglobin concentration to iron medication in many pubertal boys in Finland indicates that they had developed manifest iron de®ciency (Anttila & Siimes, 1996) .
Menstruation and pregnancy. Menstrual blood loss accounts for a median additional need of absorbed iron between 0.5 and 1 mg per day. During pregnancy even more iron is needed with a net requirement of about 740mg, accumulating to a daily need of 6mg iron to be incorporated into maternal and fetal proteins during the third trimester of pregnancy (Charlton & Bothwell, 1982) . These extra needs are well recognized in developed countries. Haemoglobin concentration is under regular control during pregnancy with often routine correction of Hb without proper diagnosis of iron de®ciency. Any woman with clinical signs of anaemia or iron de®ciency receives iron medication. The problem here is not insuf®cient control of iron de®ciency but sometimes omission to investigate other sources of blood loss and other causes of anaemia. Oral contraceptives may considerably decrease menstrual blood loss.
Socio-economic factors
In developed countries iron de®ciency frequently occurs as a result of low iron intake. In under-privileged population groups, where the high cost of meat and fresh fruit restricts their consumption, iron intake can be low. Especially children from less favoured socioeconomic groups, and also from populations with Southeast Asian and Hispanic background, as studied in Canada and the USA, have a higher chance to develop iron de®ciency (Lehman et al, 1992; Sargent et al, 1996) . Members of minority groups, with previously adequate and healthy food habits and customs, who moved to Western countries, may fail to adjust them to the new environment with its different foods and customs. Population directed prevention of iron de®-ciency in these groups of migrants seems to be an attractive option. It must be realized, however, that many members of the same minority groups suffer from haemolytic anaemias with life-threatening secondary iron overload.
Nutritional factors Iron source. Absorption of iron strongly depends on its solubility and chemical environment (Marx, 1979b) . Dietary ferric iron must be solubilized and reduced to Fe(II) in the stomach. Non-absorbable complexes may be formed, or reduction of Fe(III) may fail if the pH of the stomach is not acid enough. The ideal species for absorption is Fe(II), but Criterium anaemia: Hb (g/dl) child`11, pregnancy`11, female`12, male`13.
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haem is also an excellent iron source, as the haem-complex can be absorbed with little dietary interaction. Haem iron is equally well absorbed from an aqueous solution and from a standard meal, with adequate increase of iron absorption in subjects with iron de®ciency (Liem, 1973) as shown in Table  2 . Subjects who consume large quantities of phytate or polyphenolics, as present in tea, have a greater chance to develop iron de®ciency because iron-complexes are formed from which iron is poorly absorbed (Disler et al, 1975) . Although a well-balanced vegetarian diet is compatible with an adequate iron status (Craig, 1994) , lactoovo vegetarians are at risk to develop iron de®ciency (Heinrich et al, 1979) .
Iron intake at old age. Iron de®ciency does not seem to be a major health problem at old age in developed countries. Several studies have shown an increase of serum ferritin concentration with age and iron intake seems to be adequate in Americans, despite a lower energy intake (Lynch et al, 1983) . The absorption of iron does not change in the elderly, and increases adequately if iron de®ciency develops (Marx, 1979a) . Results of an investigation, by an interview cross-check method, of iron intake by healthy and mobile middle-class old aged at home in The Netherlands is given in Table 3 . (Marx, 1976) . The iron status (Table 4 ) of this population was excellent, despite a relatively low iron intake in many subjects. These ®gures show what can be reached in well-cared elderly persons. In less privileged socioeconomic groups, however, ®gures may be less favourable.
Other lifestyle factors Blood donors. Blood donation results in a substantial loss of 200±250 mg iron per donation. As a consequence iron stores decrease, and in particular, fertile women may become permanently iron de®cient (Finch et al, 1977) . In a study from Denmark it appeared that 6% of male blood donors were iron de®cient with a higher prevalence in those bled four times a year (Milman & Sondergaard, 1984) .
Endurance sport. Recreational running and endurance sport is very popular in developed countries. Many of these sporters have so-called sports anaemia. Iron de®ciency contributes considerably to this kind of anaemia as a result of increased iron loss with the faeces (blood), and to a lesser extent with sweat (Weaver & Rajaram, 1992) . It is also common that endurance athletes consume a calorie-rich but iron-insuf®cient diet (Weight et al, 1992) . This problem is well recognized, and most athletes use oral or parenteral iron treatment, in addition to often enormous amounts of vitamins and other supplements.
The risks of increased iron stores
Increased iron stores are more dangerous than iron depletion and iron de®ciency anaemia, especially in adults. Organ damage, frequently with fatal outcome, occurs in patients with genetic haemochromatosis and iron-loading anaemias. Such anaemias became more common in developed countries as a result of migration of populations at risk for thalassaemias and sickell cell anaemia. Genetic haemochromatosis is endemic among Caucasians and is considered to be the most common autosomal recessive disorder. A mutation of a non-classical MHC-class I gene, called HLA-H, was recently identi®ed as the most important genetic aberration in haemochromatosis, and the mechanism of the disease was analyzed in a knock-out mouse model (Feber et al, 1996; Santos et al, 1996) . In Europe and the United States about one in 200 subjects is homozygous and must be treated by phlebotomy. It is obvious that these subjects should be protected against actions aimed at increasing the iron intake of the general population. In recent years, however, evidence is accumulating that iron also can be responsible for tissue damage in subjects with normal and even with low iron stores in any condition that is associated with formation of oxygen radicals (Marx & van Asbeck, 1996) . At present, more than 100 oxygen radical related diseases are identi®ed (Gutteridge, 1993) , including atherosclerosis (Sullivan, 1989) . A point of future discussion will be the additional risk to the ten percent of whites who are heterozygous for the HLA-H haemochromatosis mutation, a condition that was considered before to cause no health risks. The results of a careful study, in which the heterozygous genotype was assigned to a large group of members of pedigrees of HLA-typed homozygous probands, reveal biochemical and possibly clinical abnormalities in heterozygotes (Bulaj et al, 1996) . The consequence is that no less than 10% of the population may be harmed by measures to increase iron intake. This, certainly in developed countries, outweighs the bene®t to those at risk for iron de®ciency.
Conclusion
In developed countries iron de®ciency is a minor health risk to the general population. There are categories, however, with a well de®ned risk as a result of iron de®ciency anaemia. In those categories appropriate measures to prevent iron de®ciency are desirable, and continuous investigations should be performed to monitor these groups. As iron essentially is a toxic agent, able to induce tissue damage in any disease associated with formation of toxic oxygen species, in particular for the huge number of unidenti®ed carriers of genetic haemochromatosis, any activity should be avoided that could increase iron stores of the general population.
